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SUMMARY  PAGE 


THE  PROBLEM 

To  determine  if  the  ability  to  match  the  color  of  a  target  line  presented  on  a  CRT  varies  with  its 
orientation. 

THE  FINDINGS 

>\Jen  the  target  tracks  were  one  pixel  wide,  performance  was  significantly  worse  for  diagonal 
tracks  than  for  horizontal  or  vertical  tracks.  When  the  target  tracks  were  two  pixels  wide,  there 
were  no  significant  differences  with  orientation.  Performance  was  not  affected  by  the  presence 
of  colored  distractor  lines. 

APPLICATION 

Tbe  use  of  color  coding  with  target  tracks  only  one  pixel  wide  will  result  in  more  errors  of  color 
matching  for  diagonal  lines.  Designers  of  color-coded  displays  should  be  aware  that  extensive 
color  coding  should  be  used  only  with  target  tracks  two  or  more  pixels  wide. 


ADMINISTRATIVE  INFORMATION 

This  investigation  was  conducted  under  Naval  Medical  Research  and  Development  Command 
Research  Work  Unit  65856N-M01(X).(X)l-5003.  It  was  submitted  for  review  on  10  October 

1990,  approved  for  publication  on  10  December  1990,  and  designated  Naval  Submarine  Medical 
Research  Report  1 164. 


Abstract 


current  passive  broadband  sonar  "waterfall”  displays  are  inonociiroroatic, 
but  color  may  be  added  in  the  future.  One  possible  lose  of  color  would  be  to 
have  the  operator  assign  different  colors  to  the  differait  target  tracks. 

The  speed  and  accuracy  of  matching  a  colored  tcurget  line  on  a  CRT  to  a 
standard  set  of  colors  was  measured  as  a  functicai  of  the  orientaticm  of  the 
target  line.  With  lines  one  pixel  wide,  performance  was  significantly  worse 
for  diagonal  than  horizcxital  or  vertical  lines.  There  were  no  significant 
differences  vhen  the  width  of  the  line  was  doubled.  Performance  was  not 
affected  by  the  presence  of  colored  distractor  lines. 
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CXarent  passive  broadband  sonar  ••waterfall"  displays  are  mcxiodhrcxnatic, 
but  it  is  possible  that  color  may  be  added  in  the  future.  One  possible  use 
of  color  would  be  to  have  the  operator  assign  different  colors  to  the 
different  target  tracks. 

Wfe  that  in  using  color,  alphanumeric  information  about  the 

targets  would  be  displayed  in  the  same  color  as  the  relevant  target  tracik, 
and  the  operator  would  want  to  be  able  to  associate  as  quickly  and 
accurately  as  possible  a  given  tracik  with  its  alphanumerics.  We  have 
examined  the  questiai  of  how  many  colors  an  operator  could  recognize  or 
reccdl  without  undue  ocaifusion  (Luria,  Neri,  &  Jacobsen,  1986;  Jacobsen  & 
Neri,  1985;  Jacobsen,  1985) .  In  the  initial  stutfy,  only  one  target  tracik 
was  di^layed  (Luria,  Neri,  &  Jacobsen,  1986) ;  subsequently,  several  target 
tracks  were  di^layed  to  see  if  they  detracted  from  the  abilil^  to  focus  on 
the  tracik  of  primary  interest  (Luria,  Neri,  Shim,  &  Bivenour,  1990) . 

In  these  studies,  the  target  tracik  was  always  a  vertical  line  on  the 
display.  On  actual  sonar  di^lays,  hcwever,  the  target  tracik  can  appear  at 
various  angles  and  orientations.  The  question  arises,  viiat  would  be  the 
effect  of  variations  in  the  target  track  orientation  on  performance?  In 
displaying  target  traciks  at  different  orientations,  it  was  immediately 
^parent  that,  debits  unchanging  ••instructiais^^  to  the  ocarputer,  the  narrcw 
(one  pixel  wide)  traciks  varied  in  width  depending  on  their  orientation. 

Ihey  varied  in  width  depending  on  the  color  as  well.  Even  if  the  width  were 
constant,  the  color  for  a  narrcw  stimulus  could  vary  because  of  the 
variations  in  the  pixels  vhich  happen  to  be  illuminated  at  different 
orientations  (Cf .  Merrifield,  1987) .  Hiis  variabilil^  according  to  both 
color  and  orientatiai  appears  to  be  characteristic  of  diadcw^mask  CRTs. 

Wbuld  this  variability  at  supra-thre^old  luminances  have  a  significant 
effect  CXI  the  operator's  ability  to  respond  accurately  and  quicikly  to  the 
different  cxjlors? 

There  is  a  well  known  perceptual  phenomenon  vhich  is  related  to  this 
problem:  the  so-called  ••oblique  effect^^.  The  thrediold  visibility  of  fine 
lines  varies  with  their  orientation;  horizontal  and  vertical  lines  are  more 
detectable  or  yield  hi^er  visual  acuity  than  oblique  lines  (Higgins  & 
Stultz,  1948,  1950;  Leibowitz,  1953;  Ogilvie  &  Taylor,  1958;  Nachmias,  1960; 
Luria,  1963;  Caitpbell,  Kulikcwski,  &  Levinson,  1966;  Mitchell,  Freeman,  & 
Westheimer,  1967;  Pointer  &  Hess,  1990;  Taylor,  1963) .  This  effect,  vbich 
is  quite  evident  at  threshold,  declines,  hcwever,  vben  the  visual  stimuli 
are  clearly  visible  (St.  John,  Timney,  Armstrong,  &  Szpsak,  1987) .  Moreover, 
Kelly  (1975)  has  r^rted  that  there  is  no  oblique  effect  for  the  detecticxi 
of  chromatic  stimuli.  It  is,  therefore,  not  likely  to  play  a  p)art  in  the 
present  stut^.  Any  effects  on  pjerformanoe  will  for  the  most  part  be  due  to 
the  physical  variations  in  the  stimuli  with  changes  in  orientation.  To 
investigate  any  such  effects,  we  have  repeated  our  previous  experiments  with 
cxslored  lines  of  different  orientations. 
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Figi^  1.  The  di^lay.  The  target  line  (T) ,  shown  here  in  the  vertical 
position,  was  presented  either  alca^e  or  with  the  other  five  lineg  colored 
dark  blue  (DB) ,  dark  green  (DG) ,  light  green  (LG) ,  purple  (PRP) ,  and  red 
(R) .  The  target  line  was  also  presented  in  the  horizontal  position,  at  45 
deg  to  the  right,  and  at  45  deg  to  the  left. 
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Subjects 

Ei^t  staff  memabers  of  the  laboratory  volunteered  to  participate.  All 
were  color  normal,  according  to  the  Hardy-Rand-Rittler  pseudo-isociiranatic 
pl3t«=>s  and  had  20/20  acuil^/  with  their  spectacle  corrections,  if  necessary. 

j^iparatus 

The  stimuli  were  presented  on  an  Advanced  Electronics  Design,  Inc. 

Color  Gr^iiics  and  Imaging  Terminal,  Model  1024,  under  the  control  of  a 
Digital  PDP  11/04  minioonputer.  A  series  of  circular  stimuli  was  arranged 
in  the  pattern  of  a  tel^iione  pudibutton  keypad:  a  3x3  matrix  plus  cxie 
additional  stimulus  centered  belcw  these  (Figure  1) .  Each  circle  was  1  an 
in  diameter,  separated  by  0.75  an  from  the  adjacent  stimulus.  The  total 
arrangement  measured  4.5  cm  wide  by  6.2  on  hi^. 

A  tel^3hone  pushbutton  response  keypad  was  placed  cxi  a  table  in  frcart 
of  the  subject.  The  arrangement  of  its  10  keys  was  identical  to  that  of  the 
circular  stimuli  cwi  the  display. 

The  circles  were  of  different  colors  and  bri^tnesses  and  were  always 
present.  Ihe  C.I.E.  coordinates  and  luminances  were  measured  with  a  Hioto 
Research  Spectroradioroeter,  Model  PR  703A,  and  are  listed  in  Table  1  and 
^own  in  Figure  2. 

TABLE  1 

Ihe  chromaticity  coordinates  and  luminances 
of  the  colors 


Target 

Color 

Chromaticity 

X  y 

Luminance 

od/in2 

Dark  Blue 

.15 

.09 

2.7 

Yellow 

.43 

.45 

42.7 

Red 

.61 

.35 

17.8 

Aqua 

.25 

.38 

9.8 

Purple 

.27 

.16 

2.2 

White 

.29 

.31 

44.7 

Pink 

.37 

.35 

13.1 

Orange 

.56 

.36 

7.0 

Green 

.30 

.52 

31.4 

Li^t  Blue 

.17 

.13 

12.0 

Distractor 

Color 

Chromaticity 

X  y 

Luminance 

cd/m2 

Dark  Blue 

.16 

.13 

2.1 

Dark  Green 

.30 

.55 

26.4 

Li^t  Green 

.30 

.59 

44.1 

Purple 

.28 

.21 

5.9 

Red 

.61 

.36 

13.8 

3 


X 


Figure  2.  C.I.E.  chranaticit^  cxxjrdlnates  of  the  stiinjli. 


4 


The  target  line  was  3  on  long  and  was  presented  in  one  of  four 
orientations:  vertical,  horizontal,  and  45  (diagonal  ric^t)  or  315  deg 
(diagonal  left) .  Althou^  the  oonputer  was  instructed  to  produce  a  line  1 
pixel  wide,  the  actual  width  of  the  lines  varied  abcxit  a  mean  of  1  ran, 
depending  an  the  color  and  orientaticai.  The  target  line  was  presented  in 
the  center  of  the  display  with  the  top  of  the  vertical  line  6  an  belcw  the 
lowest  circle  or  the  horizontal  line  7.5  cm  below  the  lowest  circle.  At  the 
viewing  distance  of  about  60  cm,  the  circular  stimuli  subtended  .95  deg 
visual  angle;  the  verticeil  line  subtended  2.9  deg  visual  angle  in  length  and 
about  0.01  deg  visual  angle  in  width. 

Ihe  target  could  be  presented  alone  or  in  the  presoKse  of  five  other 
lines  vMoh  were  always  in  the  same  arrangement  (Figure  1) .  These 
afViitinnal  lines  (referred  to  as  distractors)  were  red,  dark  blue, 
li^t  green,  and  dark  green  (see  Table  1) . 


Procedure 

Eaoh  subject  was  first  given  a  series  of  training  runs  before  starting 
the  experiment.  The  outlines  of  the  10  circles  were  presented  in  the 
^rcpriate  color  but  the  circles  were  unfilled.  One  second  after  a  warning 
tone,  one.  of  the  circles  filled  with  its  color.  The  subjecrt  pressed  the 
button  CTi  the  keypad  that  corresponded  to  the  position  of  the  filled  circle 
as  quickly  as  possible.  The  button  press  caused  the  circle  to  return  to 
its  original  unfilled  condition.  After  a  two-second  delay,  another  warning 
tone  sounded,  followed  by  another  circle  being  filled.  NO  color  matching 
was  involved.  The  circles  were  presented  in  random  order  until  the  subject 
made  7  correct  respcaises  to  each  circle.  One  training  run  thus  ccnprised  70 
correct  responses  and  took  about  three  or  four  minutes.  The  ccroputer 
recorded  vhich  buttcm  had  been  pudied  and  the  reacticai  time  (ET) .  Incorrect 
button  pushes  were  not  included  in  the  mean  RTs.  The  training  runs 
continued  until  the  ET  had  no  longer  decreased  for  three  runs.  The  stable 
mean  ETs  indicated  the  tiroes  required  to  respond  using  each  button  in  the 
keypad  without  having  to  match  the  colors.  The  training  runs  not  only  gave 
the  subjects  practice  in  responding,  but  provided  them  an  c^portunity  to 
learn  the  positions  of  the  colors. 

During  the  ejperimant,  the  target  line  appeared  one  second  after  a 
warning  tone.  It  was  identical  in  color  to  one  of  the  (new  filled)  circles. 
The  subject  matched  the  line  to  the  correct  color  as  quickly  as  possible  by 
pressing  the  corre^nding  button.  Each  orientation  was  presented  during 
the  test  session.  The  order  of  the  four  orientations  was  counterbalanced 
for  the  ei^t  subjects. 


EESULTS 
Experiment  1 

In  the  first  stuc^,  the  target  line  was  presented  without  the 
distractors.  To  get  the  ET  for  the  color  matching,  the  stabilized  practice 
response  time  for  each  button  was  subtracted  fran  the  corresponding  color 
matching  time  for  each  subject.  Table  2  gives  the  mean  ET  of  the  color 
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for  eadi  orientaticai.  Ihere  were  no  differences  in  FT  amom 
elicitations,  tut  the  reaction  times  to  the  different  colors  varied 
significantly  (P»  14.7,  p  <  .0001). 


TABLE  2 


Mean  Reacticxi  Times  (sec)  to  the  Colors 
at  the  Differ^it  Orientations 
in  Eiqseriment  1 


Horiz 

Vert 

Diag  (R) 

Diag  (L) 

Dark  Blue 

.54 

.48 

.62 

.55 

Yellow 

.52 

.46 

.54 

.49 

Red 

.71 

.64 

.58 

.65 

Agua 

.66 

.62 

.68 

.66 

Purple 

.37 

.33 

.38 

.34 

White 

.48 

.44 

.48 

.46 

Pink 

.61 

.46 

.47 

.50 

Orange 

.59 

.77 

.58 

.61 

Green 

.60 

.66 

.59 

.59 

Lt.  Blue 

.71 

.72 

.67 

.66 

Mean 

.58 

.56 

.56 

.55 

S.E.M. 

.033 

.045 

.030 

.033 

The  number  of  matching  errors  was  significantly  greater  for  the 
diagacl  lines  than  for  the  horizontal  or  vertical  lines,  according  to  a 
Friedman  non-parametric  analysis  of  variance  (X^  «  12.6,  p  <  .01).  Table  3 
Slews  the  errors  for  ea(^  color  at  each  orientation.  It  should  be  noted 
that  because  it  was  obvious  that  some  of  the  errors  were  simply  motor 
errors  (e.g. ,  pushing  button  8  instead  of  10  just  below  it,  or  matching 
orange  to  b^) ,  ahy  errors  vhich  occurred  no  more  than  twice  vhen  sunned 
over  the  eight  subjects  were  not  counted  in  preparing  this  table.  Thus  the 
smallest  number  of  errors  in  a  cell  in  Table  3  is  three. 


It  is  clear  that  the  same  matching  errors  are  made  regarxiless  of  the 
targ^  orientaticsi.  The  only  error  consistently  made  to  a  li^t  blue 
tMn^t  IS  to  match  it  to  dark  blue;  the  difference  with  orientation  is  that 
far  more  errors  were  made  when  the  target  was  a  diagonal  than  when  it  was 
torizontal  or  vertical.  It  was  not  always  the  case,  however,  that  the 
diagonal  target  always  led  to  increased  errors:  the  dark  blue  target  was 
erroneously  match^  to  li^t  blue  when  it  was  horizcaital  or  vertical  but 
v^hen  it  was  diagonal.  Green  was  matched  to  aqua  equally  vAien  it  was 
diagcual  or  not.  j 
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TABLE  3 


CJolor  Matching  Errors 
at  the  Different  Orientations 
in  Experiment  1* 


Target 

Horizontal 

Vertical 

Diag.  (R) 

Diag.  (L) 

Oc.  Blue 

It.  Blue 
(4) 

Lt.  Blue 
(8) 

— 

— 

Yellcw 

- 

Pink  (4) 

Pink  (9) 

Pink  (4) 

Bed 

- 

- 

Orange  (19) 

Orange  (16) 

Aqua 

- 

Green  (9) 

Green  (13) 

Green  (16) 

Purple 

- 

- 

- 

- 

White 

- 

- 

- 

- 

Pink 

- 

- 

- 

- 

Orange 

Red  (12) 

- 

Red  (12) 

Red  (8) 

Green 

Aqua  (4) 

- 

- 

Aqua  (3) 

Lt.  Blue 

Ok.  Blue 

Dk.  Blue 

Dk.  Blue 

Dk.  Blue 

(9) 

(13) 

(16) 

(29) 

TOTAL 

29 

34 

69 

76 

*  If  there  were  fewer  than  three  errors  in  a  cell  summed  over  the  ei^t 
subjects,  they  were  not  included. 
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E>?)eriment  2 


In  an  atterrpt  to  reduce  the  orientaticsi  effect,  the  computer  was 
progranmed  to  produce  target  lines  2  pij^ls  wide.  Again  ther«  were  obvious 
differences  in  the  apparent  width  of  the  lines  with  changes  in  orientatiCTi 
We  assumed,  however,  that  the  color  would  be  m^e  definite  under 
any  condition.  The  same  subjects  again  participated.  Ihe  orientations  were 
cigain  counterbalanced. 


RESULTS 

Table  4  presents  the  RTs  to  the  colors  at  each  orientaticai.  Again  the 
RTs  to  the  different  orientations  were  not  significantly  different,  althou^ 
the  RTs  to  the  different  colors  once  again  varied  significantly  (p  <  .0001) . 
These  RTs  were  appreciably  shorter,  indicating  that  the  wider  target  traciks 
made  the  matching  task  easier. 


TABLE  4 


Mean  Reacticxis  Times  (sec)  to  the  Colors 
for  the  Different  Orientations 
in  E>q)eriment  2 


Iforiz 

Vert 

Diag  (R) 

Diag  (L) 

Dark  Blue 

.38 

.43 

.44 

.35 

Yellcw 

.31 

.35 

.25 

.34 

Red 

.41 

.40 

.51 

.43 

Agua 

.53 

.43 

.50 

.44 

Purple 

.16 

.17 

.18 

.16 

White 

.26 

.19 

.27 

.30 

Pink 

.33 

.29 

.32 

.33 

Orange 

.41 

.50 

.45 

.49 

Green 

.42 

.43 

.35 

.38 

Lt.  Blue 

.38 

.51 

.52 

.55 

Mean 

.36 

.37 

.38 

.38 

S.E.M. 

.032 

.038 

.038 

.034 

There  were  tkm  no  significant  differences  in  the  number  of  errors  for 
the  four  orientations  according  to  a  Friedman  analysis  of  variance  by  ranks 
(X^  =  2.43,  p  <  .50) .  Table  5  shows  the  breakdown  of  errors  to  the 
different  colors  as  a  function  of  target  orientatiai.  Again,  those  errors 
vhich  occurred  no  more  than  twice  when  summed  over  the  ei^t  subjects  were 
ignored  in  t^s  table.  Only  three  matching  errors  were  rnaAa  with  ar^ 
frequency;  lic^t  blue  was  again  identified  as  dark  blue;  orange  was 
identified  as  red;  aqua  was  identified  as  green.  These  errors  were  not 
made  systematically  with  orientation. 
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TABLE  5 


CJolor  Matciiing  Errors 
for  the  Different  Orientations 
in  Experiment  2* 


Target 

Horizontal 

Vertical 

Diag.  (R) 

Diag. (L) 

Dk.Blue 

- 

- 

- 

- 

Yellcw 

- 

- 

- 

- 

Bed 

- 

- 

- 

Orange  (4) 

Aqua 

- 

Green  (3) 

Green  (4) 

Green  (3) 

Purple 

- 

- 

- 

- 

VJhite 

- 

- 

- 

- 

Pink 

- 

- 

- 

- 

Orange 

Fed  (7) 

Red  (5) 

Red  (3) 

Bed  (5) 

Green 

- 

- 

- 

- 

Lt.  Blue 

Dk,  Blue 
(3) 

- 

Dk.  Blue 
(3) 

Dk.  Blue 
(3) 

TOTAL 

10 

8 

10 

15 

*  If  there  were  fewer  than  three  errors  in  a  cell  summed  over  the  ei^t 
subjects,  they  were  ignored. 
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E>$)eriinent  3 


Finally,  the  target  line,  again  two  pixels  in  width,  was  presented  in 
the  presence  of  the  distractors.  Again,  the  same  subjects  participated. 


RESULTS 

Table  6  gives  the  FTs  to  the  colors  as  a  functicai  of  orientation.  Ihe 
RTs  were  significantly  different  for  t*e  four  orientaticxis,  according  to 
an  analysis  of  varieince.  Hie  nuniber  of  matching  errors  was  not 
significantly  different  between  orientations,  according  to  a  Friedman 
analysis  of  variance  by  ranks  (X^  =  o.71,  p  <  ,90)  for  the  various 
orientatic^.  T^le  7  gives  the  breakdcwn  of  errors  to  the  colors  at  the 
various  orientations;  again,  those  errors  occurring  no  more  than  twice  in  a 
cell  were  not  counted.  The  errors  made  were  similar  to  those  mad**  in  the 
first  two  experiments;  primarily,  li^t  blue  was  identified  as  dark  blue. 

large  number  of  errors  for  the  first  diagonal  was  due  to  one  subject. 
Since  a  given  color  was  r^ieated  until  ten  correct  matches  had  been  made, 
this  color  was  repeatedly  presented  and  raieatedly  mismatched  by  this 
subject. 


TABLE  6 

Mean  Reacticxi  Times  (sec)  to  the  Colors 
for  the  Different  Orientations 
with  the  Distractors 
in  Eigieriment  3 


Horiz 

Vert 

Diag  (R) 

Diag  (L) 

Dark  Blue 

.38 

.38 

.38 

.37 

Yellow 

.26 

.21 

.22 

.26 

Red 

.39 

.38 

.47 

.55 

Agua 

.38 

.45 

.45 

.49 

Purple 

.16 

.29 

.25 

.26 

White 

.27 

.26 

.21 

.21 

Pink 

.26 

.32 

.32 

.26 

Orange 

.47 

.50 

.50 

.50 

Green 

.41 

.40 

.53 

.45 

Lt.  Blue 

.51 

.47 

.49 

.54 

Mean 

.35 

.37 

.38 

.39 

S.E.M. 

.034 

.030 

.039 

.132 
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TftBLE  7 


C3olor  Matching  Errors 
for  the  Different  Orientations 
with  the  Distractors 
in  E)5)eriinent  3* 


Target 

Horizontal 

Vertical 

Diag.  (R) 

Diag.  (L) 

Oc.Blue 

Lt.  Blue 
(3) 

- 

— 

— 

Yellcw 

- 

- 

- 

- 

Bed 

Orange  (5) 

- 

Orange  (8) 

- 

Agua 

- 

- 

- 

- 

Purple 

- 

- 

- 

- 

White 

- 

- 

- 

- 

Pink 

- 

- 

- 

- 

Orange 

- 

Red  (6) 

Red  (12) 

- 

Green 

- 

- 

- 

- 

Lt.  Blue 

Dk.  Blue 
(7) 

Dk.  Blue 
(5) 

Dk.  Blue 
(18) 

Dk.  Blue 
(5) 

TOTAL 

15 

11 

38 

5 

*  If  there  were  fewer  than  three  errors  in  a  cell  suitiraed  over  the  ei^t 
subjects,  they  were  ignored. 


Finally,  the  RTS  were  significantly  hi^er  in  the  first  experiment 
than  in  the  other  two  experiments  (F  =  70.20,  p  <  .0001) ,  but  they  were  not 
significantly  different  in  the  second  and  third  ejqjeriments  (F  =  0.004,  p  < 
.95) ,  indicating  that  the  distractors  did  not  impair  performance. 


The  error  rate  was,  as  ei^ected,  significantly  hi^ier  in  the  first 
e}^)eriinent  according  to  a  Friedman  analysis  of  variance  by  ranks  (X^  =  7.00, 


p  <  .05) . 
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DISCUSSION 


^4.  shadcw-fflask  CRT,  varying  the  orientation  of  the  target  line 

alten^  its  width  ai^  its  apparent  color  when  it  was  progranroed  to  be  only 
one  pi^l  wide.  Ihis  resulted  from  changes  in  the  excitaticsi  of  the  red- 
green-blue  triads  as  orientation  varied,  and  these  changes  affected 
perfomai^  with  a  very  thin  target  line.  Nhen,  however,  the  width  of  the 
target  line  w^  in^eased  to  two  pixels,  the  changes  in  color  which  resulted 
frcm  changes  in  orientation  were  insignificant.  Apparently,  if  the  teorget 
line  is  very  narrow,  changes  in  width  affect  performance;  if  the  target  line 
^  pixels  vide,  the  changes  in  width  do  not  have  a  significant  effect  on 
perfonnanoe.  It  seesns  reasonable  to  assume  that  the  saioe  would  be  true  for 
yiid&c  target  tracks.  Similarly,  Carter  and  Carter  (1988)  have  reported 
that  colors  of  symbols  subtending  less  than  30'  are  less  distinct  than  those 
that  subtend  at  least  one  deg.  visual  angle. 

It  should  be  in  mind  that  these  stimuli  were  all  well  above 
threshold.  Performance  mi^t  be  affected  much  more  seriously  if  very  narrow 
target  lines  were  close  to  threshold. 

Tl^  results  confirm  preyious  results  (Luria,  et  al.,  1990).  First, 
the  distractoirs  did  not  significantly  degrade  performance,  and,  second,  the 
results  a^in  diow  very  strongly  the  lack  of  synroetry  or  "transitivity”  of 
w  matching  errors.  Although  li^t  blue  was  r^jeatedly  misidentified  as 
dark  blue,  the  reverse  occurred  much  less  frequently;  siudlarly,  aqua  was 
often  confused  with  green,  tut  not  the  reverse;  and  red  was  confused  with 
orange  nuch  more  than  orange  was  confused  with  red. 
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